Background-A suboptimal haematological status has often been recorded in athletes involved in intensive physical activity. There have even been reports of "sports anaemia" associated with intensive physical exercise. However, studies on the eVect of diVerent types of exercise practiced over a long period of time on the red blood cell variables in pubescent athletes are very few. Aim-To assess the basic red blood cell variables in highly trained pubescent athletes from diVerent sports and to compare the results with those for a control untrained group. Sex related diVerences in these variables were also assessed. 
There have been frequent reports of a suboptimal haematological status being observed in athletes involved in intensive physical activity. 1 There have even been reports of "sports anaemia" resulting from intensive physical exercise in humans [2] [3] [4] as well as in experimental animals. 5 Some of these studies have investigated the acute eVects of diVerent types of exercise on red blood cell variables. The eVects found have been a decrease in red blood cell count, haemoglobin concentration, packed cell volume, mean corpuscular volume, and mean haemoglobin concentration, [6] [7] [8] [9] [10] or with an increase in red blood cell count. 11 12 Other studies have centred on the eVects of chronic high intensity training on these variables. 1-3 13 14 However, there are few studies on the eVect of diVerent types of long term exercise on red blood cell variables, 1 especially in pubescent highly trained athletes.
The aim of this study was to measure and assess the basic red blood cell variables in highly trained pubescent athletes from diVerent sports and to compare these results with those for a control untrained group. Sex dependent variations in these variables were also looked at.
Materials and methods

SUBJECTS
A total of 876 highly trained athletes (559 boys and 317 girls) from sports schools in Bulgaria were recruited for the study. The subjects were 14 15 48 hours after the last training bout. The samples were collected using Sarstedt closed system needles and placed in tubes containing EDTA (tripotassium salt). Haematological variables including red blood cell count, packed cell volume, haemoglobin concentration, and mean corpuscular volume were analysed on a Coulter analyser (Beckman Coulter Inc, Fullerton, California, USA).
STATISTICAL ANALYSIS
Statistical indices were computed for each group and for all variables (StatView 4.51 statistical software; Abacus Concepts Inc, Berkeley, California, USA). Analysis of variance factorial analysis was used to evaluate the significance of the diVerences. Correlation analysis was also used to estimate the correlation between some of the variables. All data are presented as mean (SEM). Values at the 0.05 level were accepted as being statistically significant.
Results
COMPARISON BETWEEN RED BLOOD CELL VARIABLES OF THE TRAINED AND UNTRAINED
GROUPS
The trained group had significantly lower values for red blood cell count, packed cell volume, and haemoglobin concentration than the control group (p<0.001) (table 1). The analysis of variance factorial analysis showed that the factor "sport practicing" strongly aVected these variables (p<0.001). The mean values for the trained group were below the lower limits of the reference ranges for the general population of the same age as the sample studied. 16 17 It was found that active sports training did not aVect mean corpuscular volume.
COMPARISON OF RED BLOOD CELL VARIABLES BY
SEX
The variables studied show specific sex related diVerences for healthy pubescent subjects. Analysis of variance factorial analysis applied to the whole cohort studied indicated a specific distribution by sex for red blood cell count, packed cell volume, and haemoglobin concentration for both the athletes and the control group: the variables were higher in the boys (p<0.001) than in the girls. No diVerences were found for mean corpuscular volume (table 2) .
The variables were lower in the trained boys than in the untrained boys: by 6.14% for red blood cell count (p<0.001), by 6.78% for packed cell volume (p<0.001), and by 7.21% for haemoglobin concentration (p<0.001) (all p values in the following text are derived by analysis of the absolute values presented in tables 2, 3, and 4). For the trained subjects these were below the lower limits of the reference range for boys of the general population of that age. 16 In the actively training girls, the mean values for the blood variables were also significantly lower than those of the girls of the control group: by 2.04% for red blood cell count (p<0.05), by 2.95% for packed cell volume (p<0.001), and by 5.61% for haemoglobin concentration (p<0.001). They were also below the reference values for that age. 16 As for boys, there were no diVerences in mean corpuscular volume between the girls of the trained and untrained groups.
COMPARISON OF THE RED BLOOD CELL VARIABLES BY SPORT
Analysis of variance factorial analysis suggested a significant eVect of type of sport practiced on the blood variables for both girls and boys (p<0.001) (tables 3 and 4).
In the male athletes of all subgroups, red blood cell count was lower than in the control group (for all subgroups except athletics the diVerence was significant at p<0.001; the diVerence was significant at p<0.05 for the track and field athletes) (table 3). The swimmers and players of other sports had the lowest red blood cell counts, lower on average by 10.35% than those of the control group. This compares with 7.51% lower for the rowers, 6.60% lower for the weight lifters, 5.03% lower for the players of team sports, 4.38% for wrestlers, boxers, and judoists, and 3.51% for track and field athletes. For all the subgroups, the mean value for red blood cell count was below the lower limit of the reference range of the general male population of the corresponding age. 16 The swimmers also had the lowest haemoglobin concentration: 12.97% lower on average than that of the control group of untrained boys (p<0.001). In athletes practicing other sports it was lower by 9.03% than the controls (p<0.001), in the wrestlers, boxers, and judoists 7.80% lower than in the controls (p<0.001), in the rowers 7.30% lower (p<0.001), in the weight lifters 4.19% lower (p<0.001), and in the players of team sports 4.08% lower (p<0.01). Haemoglobin concentration in the track and field athletes was lower by 2.48% on average than that of the control group, but the diVerence was not statistically significant. In all the subgroups, the mean haemoglobin concentration was below the lower limit of the reference range for the general male population of the corresponding age. 16 The lowest packed cell volume was found in swimmers: on average, lower by 10.10% (p<0.001) than that of the control group of boys. Packed cell volumes were higher in the athletes practicing other sports; it was lower by 9.82% (p<0.001) than that in the controls, followed by the wrestlers, boxers, and judoists (lower by 7.32% (p<0.001)), players of team sports (lower by 7.05% (p<0.001)), and the rowers (lower by 6.25% (p<0.001)). Although it was lower by 2.41% on average, the packed cell volume of track and field athletes was not significantly diVerent from that of the control group. In boys in all the sports subgroups, the mean packed cell volume was below the lower limit of the reference range for the general male population group of this age. 16 No diVerences were found between the subgroups with respect to mean corpuscular volume.
In the girls, the lowest red blood cell counts were found in the rowers: on average 4.4% lower (p<0.001) than for the control group (table 4) . The swimmers, track and field athletes, and players of team sports had lower red blood cell counts than the control group; red blood cell count was higher than in the control group in the girls practicing wrestling, boxing, and judo. However, the diVerences were not statistically significant. The female swimmers, rowers, track and field athletes, and those from team sports had mean red blood cell counts below the lower limit of the reference range of the general female population of this age. 16 Haemoglobin concentration was lowest in the female rowers, team sport players, and swimmers (8.04% (p<0.001), 6.72% (p<0.001), and 6.64% (p<0.001) respectively lower than that of the control group). It was also lower in the track and field athletes, but only by 2.36% (p<0.05). The girls doing judo and those in the"other sports" subgroup did not diVer from the control group with regard to haemoglobin concentration. The haemoglobin concentration in all the groups was below the lower reference limit for the general female population of the same age. 16 Packed cell volume was significantly lower than that of the control group in the female No diVerences in mean corpuscular volume were found between the trained and untrained girls.
Discussion
The results of the present study support the findings reported by a number of authors 1-3 13 14 that the major red blood cell variables undergo a change in athletes (table 1). Analysis of variance factorial analysis indicates that these changes, in both girls and boys, are dependent on the factor "sport practicing". We have also found, in contrast with the findings of Shiga et al 18 in pubescent untrained subjects, that there are sex dependent diVerences in red blood cell count, packed cell volume, and haemoglobin concentration (p<0.001) in both highly trained athletes and untrained controls: the mean values in boys were higher than in girls (table 2) .
We found specific diVerences in the major red blood cell variables of training pubescent boys and girls in relation to the sport practiced. Schobersberger et al 14 found they were lower than normal during systematic strength training exercises, and Biancotti et al 1 found the same in endurance training.
The sport related reduction in these variables is similar in boys and girls, which indicates that a particular sport has the same eVect in both sexes. Red blood cell count, packed cell volume, and haemoglobin concentration showed the greatest decrease in boys doing swimming and rowing, and this was less in those participating in weight lifting, team sports, wrestling, boxing, judo, and track and field athletics (table 3) . The largest reduction observed in girls was in the swimmers and rowers, and the smallest in the track and field athletes (table 4) . Therefore the conclusion is that swimming and rowing can reduce the basic red blood cell variables much more than other sports in both sexes and may be associated to a greater extent with sports anaemia.
All early and late changes in the haematological variables after acute intensive physical exercise regardless of its characteristics (aerobic, anaerobic, or mixed) are caused by factors associated mainly with the processes of haemoconcentration and haemodilution 12 and with changes in the plasma catecholamine concentration and the consequences of these. 9 In chronic daily exercise, continuing for years, changes in red blood cell variables coexist (over the whole period) with training, and the mechanisms involved are probably quite diVerent: chronic intravascular haemolysis, which is associated with strength sports, and changes in serum erythropoietin concentration. 12 However, the protocol of our study did not allow us to advance enough arguments for any specific mechanism by which we could explain our findings.
The correlation analysis we used showed that in the sportspeople there was a correlation between the duration of training and the reduction in the haematological variables studied, in comparison with the mean values of the control untrained group. The highest correlation coeYcients in both boys and girls were found between the duration of sporting activity (years) and the diVerence in haemoglobin concentration in the blood of the control group (table 5) . In male swimmers, r = 0.561 (p<0.01), r = 0.822 (p<0.001), and r = 0.812 (p<0.001) for red blood cell count, haemoglobin concentration, and packed cell volume respectively; in male rowers, r = 0.266 (p<0.05), r = 0.334 (p<0.05), and r = 0.288 (p<0.05) respectively. For the female judoists, r = 0.263 (p<0.05), r = 0.833 (p<0.01), and r = 0.481 (p<0.01), while in girls practicing other sports r = 0.331 (p<0.05), r = 0.256 (p<0.05), and r = 0.244 (p<0.05) respectively. These data show a link between the duration of practicing swimming and rowing and the reduction in the blood cell variables in boys, and between the duration of practicing judo and other sports and the decrease in these variables in girls.
CONCLUSIONS
We found sex related diVerences in red blood cell count, packed cell volume, and haemoglobin concentration in both the pubescent untrained subjects and the athletes, the values being higher in the boys than in the girls.
Red blood cell count, packed cell volume, and haemoglobin concentration were lower in the athletes than in the untrained subjects. This was true for boys and girls. The variables in all of them were found to be close to or below the lower reference range for the age of pubescence.
A correlation was found between the length a sport had been practiced and the degree of reduction in red blood cell count, packed cell volume, and haemoglobin concentration in pubescent athletes.
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